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(54) OPTICAL RECORDING MEDIUM AND METHOD OF PRODUCING THE SAME 



(57) A write-once optical recording medium having 
on a substrate a recording layer on which information 
can be written and/or read out therefrom with a laser 
beam, where a proper tracking error signals is ensured 
over the whole substrate of the medium. The medium is 
adaptable to high information recording density. This 
medium is produced by forming a recording layer by 
vacuum depositing on the substrate a recording layer- 
constituting material containing a metal-containing azo 
compound having a weight-loss starting temperature or 
a decomposition temperature ranging from 300 to 500 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to an optical recording medium such as a tape, a disk, or a card for recording 
information by means of a light beams, particularly an optical recording medium in a form of a disk such as a compact 
disk (hereafter referred to also as CD) and a digital video cfisk (hereafter referred to also as DVD), and a method of pro- 
ducing the same. 

io BACKGROUND ART 

[0002] In recent years, with the spread of CDs. a write-once type optical disk satisfying the CD standard (hereafter 
referred to also as CD-R) has been developed and used. The CD-R is typically constructed by using a transparent resin 
substrate having a spiral groove on one surface thereof, applying thereon a solution obtained by dissolving an organic 

15 dyestuff into an organic solvent (hereafter referred to as organic dyestuff solution) by means of a spin coater, then dry- 
ing the solution to form a recording layer, disposing thereon a reflective layer formed by. for example sputtering gold, 
and disposing a protective layer formed by applying an ultraviolet-curable resin by means of a spin coater or the like and 
curing the resin (hereafter, the optical recording medium having the optical absorbing layer formed on the substrate by 
applying the organic dyestuff solution is referred to as an "application-type" one). 

20 [0003] Recordation on the CD-R is performed by forming pits on the recording layer in accordance with information. 
The pits are formed by changing, for example, decomposing the organic dyestuff and/or by changing the refractive 
index of the dye stuff to change an optical path length through irradiating a laser beam having a wavelength of 780 nm 
from the substrate side to the recording layer. Reproduction of the information recorded on the CD-R is performed by 
detecting the changes in an amount of light reflected from the pits. 

25 [0004] In recording information on the CD-R by means of a CD-R writer or the like, servo characteristics for rotation 
controlling along the groove of the substrate for a pick-up head are of importance. Therefore, for the CD-R, it is neces- 
sary to obtain a tracking error signal stably. The tracking error signal is greatly affected especially by a thickness differ- 
ence of recording layers between on the groove portion and on the inter-groove portion of the substrate. Accordingly, 
upon producing the above-mentioned application-type CD-R, the following is carried out in order to ensure the tracking 

30 error signal. 

[0005] When an organic dyestuff solution is applied for forming a recording layer on a substrate, the solution fills 
preferentially the groove of the substrate. For this reason, a substrate having a deep groove is utilized to ensure a thick- 
ness of the recording layer and a tracking error signal. 

[0006] However, as the depth of the groove in the substrate increases, a radial inclination in the groove depth is lia- 
35 ble to take place, such as a groove depth decreasing from the inner periphery towards the outer periphery of the sub- 
strate, due to the influence of the temperature and the fluidity of the molten resin when forming the substrate. Further, 
an inclination in the recording layer thickness is liable to take place in the radial direction of the substrate due to a rise 
in viscosity of the solution caused by evaporation of the solvent during the application of the organic dyestuff solution. 
[0007] Therefore, an attempt is made to suppress the change of the tracking error signal in the radial direction of 
40 the substrate to ensure a necessary level of the tracking error signal by precisely adjusting the application conditions 
such as a type of the solvent to be used for the organic dyestuff solution, a viscosity of the organic dyestuff solution, 
rotation control of the spin coater, and surrounding environment condition during the production, and also the drying 
condition and the like upon forming the recording layer. 

[0008] Recently, in order to achieve a further higher density of information, a DVD is developed to which a laser hav- 
45 ing a wavelength around 650 nm is irradiated. The DVD is produced by forming pits with a track pitch of 0.74 nm and 
the shortest pit length of 0.40 jam on a substrate having a thickness of 0.6 mm by means of a molding apparatus, form- 
ing a reflective layer thereon, and further sticking another resin substrate having a thickness of 0.6 mm using an adhe- 
sive material such as an ultraviolet-curable resin in order to ensure the hardness of the disk, in the same manner as the 
CD. Like the CD-R, a writable DVD-R is being developed. 
so [0009] In view of compatibility with the DVD, the DVD-R must include pits formed correspondingly to the information 
in a substrate having a small groove which has a track pitch of less than or equal to half of that in the CD-R and. in 
accordance therewith, has a smaller width. In this case, as the track pitch or the groove width of the substrate 
decreases, the inclination of the groove depth in the radial direction is further increased if the substrate has a deep 
groove. Accordingly, it is extremely difficult to ensure a necessary tracking error signal by the conventionally performed 
55 adjustment of the application condition of the organic dyestuff solution and the drying condition. 

[0010] In the meantime, it has been already known in the art to adopt the vacuum vapor deposition method as a 
recording layer production method which is one of the dry processes without need for using a solvent This method sup- 
posedly improves the uniformity of the thickness of the recording layer to be formed. However, a compounds used in 
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such a method is liable to be denatured, e.g. decomposed, by heating during vapor deposition, so that it may be difficult 
to record signals in the pits or to reproduce signals from the pits. This problem is sign'rf icarrtly recognized if the pit length 
is decreased. Therefore, if an optical recording medium tor a shortened pit length is obtained by vapor deposition to 
meet the high density information recording, the decrease in the reproduction output from the shortest pit will be large 
5 and, as a result, the resolution (reproduction output from the shortest pit / the reproduction output from the longest pit) 
falls, thereby raising a problem that the quality of reproduced signals is deteriorated. 

DISCLOSURE OF THE INVENTION 

10 [0011] An object of the present invention is to provide an optical recording medium, particularly a write-once type 
optical recording medium, having a high resolution and being adapted to high density information density which 
ensures a proper tracking error signal and provides good-quality reproduced signals. 

[0012] In the present invention, the aforementioned object is achieved by adopting a metal-containing azo com- 
pound having a specific weight-loss starting temperature or a specific decomposition temperature as a dyestuff which 
is forms a recording layer, and by vapor-depositing the compound on a substrate. 

[0013] In the first aspect, the present invention consists in an optical recording medium having a recording layer 
formed on a substrate, the recording layer allowing writing and/or reading information by a laser beam, wherein the 
recording layer is formed on the substrate by vapor-depositing a recording layer-constituting material comprising at 
least one metal -containing azo compound having a weight-loss starting temperature or a decomposition temperature 
of from 300 to 500 °C. 

[0014] Here, the term "recording layer-constituting material" is used to generally refer to a material which forms the 
recording layer. Therefore, if the recording layer is formed by vapor-depositing not only the metal-containing azo com- 
pound having the aforementioned predetermined weight-loss starting temperature or decomposition temperature but 
also other compound(s) such as a compound for improving a property of the recording layer (for example, a light resist- 
25 ance improver, a stabilizer, or the like) and/or other dyestuff (s), the term "recording layer-constituting material" refers to 
all of them. Of course, in the present invention, the recording layer may be formed only with the metal-containing azo 
compound having the weight-loss starting temperature or the decomposition temperature within the range of 300 to 500 
°C. In this case, the "recording layer-constituting material" refers only to the aforementioned metal-containing azo com- 
pound. 

30 [001 5] In the second aspect, the present invention consists in a method of producing an optical recording medium 
having a recording layer formed on a substrate, the recording layer allowing writing and/or reading information by a laser 
beam, wherein a step of forming the recording layer includes vapor-depositing a recording layer-constituting material 
comprising at least one metal-containing azo compound having a weight-loss starting temperature or a decomposition 
temperature of from 300 to 500 °C, on the substrate. 

35 [001 6] Typically, the vapor deposition is performed under a vacuum condition of not more than 10~ 3 Torr. When the 
recording layer is formed by vacuum vapor deposition, an organic dyestuff evaporated or sublimed from an evaporation 
source is deposited while following irregularities of the groove over the entire surface of the substrate to form a uniform 
film thereon. As a result of this, the thickness difference of the layers between on the groove portion of the substrate 
and on the inter-groove portion is determined by an initial depth of the groove in the substrate, so that the tracking error 

™ signal can be adjusted by the groove depth of the substrate (hereafter, the optical recording medium having the record- 
ing layer formed on the substrate by the vacuum vapor deposition of the dyestuff is referred to as a "vapor deposition 
type" one). 

[0017] Thus, in the vapor deposition type, the same level of a tracking error signal as the application -type optical 
recording medium can be sufficiently obtained even if the groove of the substrate has a smaller depth than that of the 
45 groove of the application type. Accordingly, there will be little radial groove-depth inclination generated upon molding 
the substrate or little radial recording-layer thickness inclination caused by change in a solution viscosity upon applying 
the organic dyestuff solution. Thus, by forming the recording layer through the vacuum vapor deposition, stable proper- 
ties with little change are obtained over the entire surface of the substrate. 

[0018] In a recording layer of the conventional CD-R, cyanine-based organic dyestuffs are used. These dyestuffs 
50 can be adapted to shorter laser wavelengths used for the DVD, by adjusting the length of a methine chain in a molecule 
center, the kind of an aromatic ring or heterocycle at a molecule end, the kind of a substituent bonded thereto, or the 
like. However, since many of these have counter ions and are liable to be decomposed under the temperature condition 
of the vacuum vapor deposition, they cannot be used as they are. In other words, for the vacuum vapor deposition, dye- 
stuffs that do not have counter ions are suitable, and particularly the later-mentioned metal-containing azo compounds 
55 that do not have counter ions, such as those used in the present invention, are suitable. 

[0019] The dyestuff used in the present invention is the metal-containing azo compound having the weight-loss 
starting temperature or the decomposition temperature within the range of 300 to 500 °C, more preferably 320 to 470 
°C, and still more preferably 330 to 450 °C. When the weight-loss starting temperature or the decomposition tempera- 
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ture is less than 300 °C, the difference between the sublimation or evaporation starting temperature and the weight-loss 
staring temperature or decomposition temperature is small, so that the dyestuff is easily decomposed, leading to poor 
forming the film by vapor deposition. On the other hand, when the weight-loss starting temperature or the decomposi- 
tion temperature is higher than 500 °C. a high recordation power is needed for decomposing the dyestuff in writing irtfbr- 

5 mation, which deteriorates the properties of the optical recording medium. 

[0020] In the present invention, the weight-loss starting temperature is a temperature measured by thermogravim- 
etry and refers to a temperature at which the loss in the weight of a sample (here, a dyestuff) starts when the sample is 
heated in a nitrogen atmosphere at a temperature elevation rate of 10 °C/min. The weight-Joss starting temperature can 
be measured by a generally used thermogravimeter such as Thermogram* meter TGA-50 manufactured by Shimadzu 

10 Corporation. 

[0021] Further, in the present invention, the decomposition temperature is a temperature measured by a differential 
scanning calorimetry (DSC) and refers to a temperature at which a sample (here, a dyestuff) begins to be chemically 
decomposed, i.e. a temperature at which a heat generation peak appears, when the sample is heated in an inert gas 
of 1 atm by raising a temperature at a constant rate. 
75 [0022] As far as the metal-containing azo compound used in the present invention is concerned, the weight-loss 
starting temperature thereof is usually approximately the same as the decomposition temperature thereof. Therefore, 
as to the metal-containing azo compound, when one of the two temperatures is within the range of 300 to 500 °C, meas- 
urement of the other temperature is usually unnecessary. 

[0023] Further, in the present specification, the sublimation or evaporation starting temperature refers to the follow- 
20 ing temperature of an evaporation source (evaporation vessel) containing a compound to be evaporated. The temper- 
ature is measured by a temperature monitor comprising a thermocouple or the like when the evaporation source is 
gradually heated under a low pressure (high vacuum) of not more than 10" 3 Torr and the evaporation rate of the com- 
pound becomes 1 A/s, which is measured by a thickness monitor of quartz oscillator type. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Fig. 1 is an enlarged schematic view illustrating a portion of a cross section of an optical recording medium of the 
30 present invention; and 

Fig. 2 is a graph showing relative values of tracking error signals of a vapor deposition type optical recording 
medium and an application-type optical recording medium in a radial direction produced in Examples. 

[0025] Here, in Fig. 1 , the reference numerals denote the following elements: 

35 

1... substrate, 2.. .recording layer, 3.. .reflective layer, 4.. .adhesive layer, 5... substrate, 6.. .groove. 

EMBODIMENTS OF THE INVENTION 

40 [0026] The recording layer of the optical recording medium of the present invention comprises at least one layer 
formed by vapor -depositing the recording layer-constituting material comprising at least one metal-containing azo com- 
pound having the weight-loss starting temperature or the decomposition temperature within the range of from 300 to 
500 °C, on the substrate. 

[0027] In the present invention, it is preferable to use the metal-containing azo compound having the decomposition 
45 temperature within the range of 300 to 500 °C , and the structure thereof is not specifically limited as long as this con- 
dition is satisfied. 

[0028] The metal-containing azo compound preferably used in the present invention is a metal -containing azo com- 
pound represented by the following general formula (a) or (a*): 

50 
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75 

wherein M(ll) is a bivalent metal, Xa is a substituted or non-substituted residue that forms a monocyclic or polycyclic 
aromatic ring together with carbon atoms that are adjacent thereto at its both ends, Ya is a substituted or non-substi- 
tuted residue that forms a nitrogen-containing aromatic heterocycie together with a nitrogen atom and carbon atoms 
that are adjacent thereto at its both ends, and the substituents when present in these residues are independently 
selected from the group consisting of halogen atoms, substituted and non-substituted alkyl groups, substituted and 
non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, substituted and non-substituted aryl 
groups, substituted and non-substituted aryloxy groups, substituted and non-substituted arylthio groups, nitro group, 
and amino groups; i.e. a complex of two azo compounds and a metal. 

[0029] This metal-containing azo compound exhibits tautomerism as shown by the formula (a) or (aO- For simplicity 
25 in the following explanation, only one corresponding to (a) will be described, but it is intended to include also the other 
corresponding to (a'). 

[0030] In the aforementioned metal-containing azo compound, the metal M(ll) is not specifically limited as long as 
it is a bivalent metal. It is selected, for example, from the group consisting of Zn, Ni. Cu, Mn, Fe, Co, Pd, Pt, Sn. and Mg. 
and especially Zn. Ni, Cu, or the like is preferable. 

30 [0031] In the aforementioned metal-containing azo compound, the residue Xa is the substituted or non-substituted 
residue that forms the monocyclic or polycyclic aromatic ring together with the carbon atoms adjacent thereto at its both 
ends. Specifically, the residue Xa preferably forms a substituted or non-substituted benzene ring which is the monocy- 
clic aromatic ring, or a substituted or non-substituted naphthalene or phenanthrene ring which is the polycyclic aromatic 
ring, together with the adjacent carbon atoms. Especially in the present invention, the polycyclic aromatic ring is pref- 

35 erably formed. 

[0032] Here, the metal-containing azo compound may have a sulfur atom instead of the oxygen atom bonded to the 
carbon atom that is adjacent to the residue Xa. For example, the phenanthrene or naphthalene ring may be a thiophen- 
anthrene or thionaphthalene ring. 

[0033] In the general formula (a). Ya is the substituted or non-substituted residue that forms the nitrogen-containing 
— aromatic heterocycie together with the nitrogen atom and the carbon atoms that are adjacent thereto at is both ends. 
The nitrogen-containing aromatic heterocycie may be either monocyclic or polycyclic. Specific examples of the nitro- 
gen-containing aromatic heterocycles include a thiazolyl ring, a benzothiazolyl ring, a pyridine ring, a pyrimidine ring, 
and a pyrazine ring. Thus, in the present invention, the metal -containing azo compounds represented by. for example, 
the following chemical formulae (a1) to (a4) may be used: 

45 
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[0034] Further , when the residue Xa or the residue Ya has a substituent(s) (instead ol a hydrogen atom(s)) and the 
35 substituent(s) has a carbon atom(s), its carbon number is preferably 1 to 1 5, more preferably 1 to 9, still more preferably 
1 to 3. The substituent may be, for example, one of the following: 

(1) the halogen atom which may be fluorine, chlorine, bromine, or iodine; 

(2) the substituted or non-substituted alkyl group which may be a straight-chain or branched group such as methyl, 
40 ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, trifluoromethyl, trif luoroethyl, pentafluoropropyl group, or the like; 

(3) the substituted or non-substituted alkoxy group which may be a straight-chain or branched group such as meth- 
oxy, ethoxy, propoxy, butoxy, pentyloxy, trifluoromethoxy, trifluoroethoxy, pentafluoropropoxy, bis(trifluorome- 
thyl)propoxy group, or the like; 

(4) the substituted or non-substituted alkylthio group which may be a straight-chain or branched group such as 
45 methylthio, ethylthio, terr-butylthio group, or the like; 

(5) the substituted or non-substituted aryl group which may be phenyl, naphthyl, pyrrolyl group, or the like; 

(6) the substituted or non -substituted aryloxy group which may be phenoxy group or the like; and 

(7) the substituted or non-substituted amino group which may be amino, diethylamino group, or the like. 

so [0035] In the general formula (a), each residue may have one or more of those substituents as described above. 
For example, in the compounds represented by the aforementioned chemical formulae (a1) to (a4), the aforementioned 
substituents may be bonded to one or more of any carbon atoms. 

[0036] In the present invention, it is particularly preferable to use a metal -containing azo compound in which a spe- 
cific substituent is bonded to a specific position. Such a compound is represented by the following general formula (b) 
55 or(b'): 
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wherein M(ll) is a bivalent metal, R is selected from the group consisting of substituted and non -substituted alkyl 
groups, substituted and non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, substituted 
and non-substituted aryl groups, substituted and non-substituted aryloxy groups, and substituted and non-substituted 
arylthio groups, Xb is a substituted or non-substituted residue that forms a monocyclic or polycyclic aromatic ring 
together with carbon atoms that are adjacent thereto at its both ends, Yb is a substituted or non-substituted residue that 
forms a nitrogen-containing aromatic heterocycle together with a nitrogen atom and carbon atoms that are adjacent 
thereto at its both ends, and the substituents when present in these residues are independently selected from the group 
consisting of halogen atoms, substituted and non-substituted alkyl groups, substituted and non-substituted alkoxy 
groups, substituted and non-substituted alkylthio groups, substituted and non-substituted aryl groups, substituted and 
2s non-substituted aryloxy groups, substituted and non-substituted arylthio groups, nitro group, and amino groups. 

[0037] The general formula (b) and the general formula (b') are tautomeric to each other. For simplicity in the fol- 
lowing explanation, only one corresponding to (b) will be described, but it is intended to include also the other corre- 
sponding to (b'). 

[0038] The general formula (b) is characterized by having the substituent R at a specific position of the aromatic 
30 heterocycle, i.e. at the carbon atom bonded to the nitrogen atom which is adjacent to the another carbon atom that is 
bonded to the azo group, and the other features are the same as those of the general formula (a). Accordingly, the 
explanation on the residue Xb will be omitted here by citing the aforementioned explanation on the residue Xa. 
[0039] The group R bonded to the carbon adjacent to the residue Yb is a group having 1 to 15 carbon atoms, pref- 
erably 1 to 9 carbon atoms, more preferably 1 to 5 carbon atoms, and most preferably 1 to 3 carbon atoms. In the 
as present invention, a preferable group R is, for example, an alkyl group having 1 to 9 carbon atoms; a more preferable 
group R is an alkyl group having 1 to 5 carbon atoms; and a most preferable group R is an alkyl group having 1 to 3 
carbon atoms. The group R may be straight-chain or branched. A preferable substituent R is specifically methyl, ethyl, 
butyl, pentyl, hexyl, heptyl, octyl, methoxy, ethoxy, propoxy, butoxy. pentyloxy, aryloxy (such as phenoxy), methylthio, 
ethylthio, butylthio, arylthio (such as phenylthio), or phenyl group. 

[0040] The substituent R optionally has a substituent. It is more preferable that at least one hydrogen atom of the 
group R is substituted with a halogen atom (particularly a fluorine atom). In an especially preferable embodiment, R is 
fluoromethyl (such as trifluoromethyl), fluoroethyl (such astrifluoroethyl), fluoropropyl (such as pentafluoropropyl), fluor- 
omethoxy (such as trifluoromethoxy), fluoroethoxy (such as trifluoroethoxy), fluoropropoxy (such as bis(trifluorome- 
thyl)propoxy or 2,2.3,3.3-pentaf luoropropoxy). or f luoromethylphenoxy (such as 4-trifluoromethylphenoxy) group. 
45 [0041] Like the residue Ya, the residue Yb forms an aromatic heterocycle together with the nitrogen atom and the 
carbon atoms that are adjacent thereto at its end. Specifically, the residue Yb preferably forms a pyridine ring, a pyrimi- 
dine ring, a pyrazine ring, a triazine ring, or a thiazolyl ring. 

[0042] The metal -containing azo compound represented by the general formula (b) is characterized by having the 
substituent R at the specific position of the heterocycle bonded to the azo group, i.e. at the carbon atom bonded to the 

so nitrogen atom which is adjacent to another carbon atom bonded to the azo group. For example, if the aromatic hetero- 
cycle is a pyridine ring, a pyrimidine ring, or a pyrazine ring, the substituent R is bonded to the 6-position carbon (in case 
where the carbon atom bonded to the azo group is the 2-position carbon); and if the aromatic heterocycle is a thiazolyl 
ring, the substituent R is bonded to the 4-position carbon (in case where the sulfur atom is the 1 -position atom, and the 
carbon atom bonded to the azo group is the 2-position carbon). 

55 [0043] More specifically, in a preferred embodiment of the compound represented by the general formula (b). the 
residue Xb forms a naphthalene ring together with the adjacent carbon atoms, and the residue Yb forms a pyridine ring 
together with the nitrogen atom and the carbon atoms that are adjacent thereto. Thus, the metal -containing azo com- 
pound is a complex of (6-substituted-2-pyridylazo)naphthol and a bivalent metal, which is represented by the formula 
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wherein R and M(ll) have the same meanings as mentioned above. 

[0044] In another preferred embodiment, the residue Xb forms a phenanthrene ring together with the adjacent car- 
20 bon atoms, and the residue Yb forms a pyridine ring (or a pyridyl group) together with the nitrogen atom and the carbon 
atoms that are adjacent thereto. Thus, the metal-containing azo compound is a complex of (6-substrtuted-2-pyri- 
dylazo)phenanthrol and a bivalent metal, which is represented by the formula (b2): 



25 



30 



35 




40 wherein R and M(ll) have the same meanings as mentioned above. 

[0045] Further, the metal-containing azo compound, in the formula (b1) or the formula (b2), may have a pyrimidinyl 
group (or a pyrimidine ring) represented by the following formula: 



45 




R R 

50 

wherein R has the same meaning as mentioned above; instead of the pyridyl group. 

[0046] In addition, the metal-containing azo compound, in the formula (b1) or the formula (b2), may have a pyrazinyl 
group (or a pyrazine ring) represented by the following formula: 

55 
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R 



10 wherein R has the same meaning as mentioned above; instead of the pyridyl group. 

10047] Further, the metal-containing azo compound, in the formula (b1) or the formula (b2), may have a triazinyl 
group (or a triazine ring) represented by the following formula: 



75 




R 



wherein R has the same meaning as mentioned above; instead of the pyridyl group. 

[0043] In addition, the metal -containing azo compound in the formula (b1) or the formula (b2) may have a thiazolyl 
group (or a thiazole ring) represented by the following formula: 



30 




35 wherein R has the same meaning as mentioned above; instead of the pyridyl group. 

[0049] In the compound represented by the general formula (b), the residue Xb or the residue Yb may have a sub- 
stituent(s) instead of a hydrogen atom(s). Explanation on such a substituent is the same as already made in the expla- 
nation on the residue Xa and the residue Ya, and the detailed explanation will be omitted here by citing the previous 
explanation. 

[0050] As described above, the preferable examples of the metal-containing azo compound used in the present 
invention have been shown. Besides these, it is possible to use, for example, a compound represented by the following 
general formula (c), (d) or (d'): 



45 



£0 




55 

wherein M(IV) is a tetravalent metal, Xc and Yc each is a substituted or non-substituted residue that forms a monocyclic 
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or polycyclic aromatic ring together with carbon atoms that are adjacent thereto at its both ends, and the substituents 
when present in these residues are independently selected from the group consisting of halogen atoms, substituted and 
non-substituted alkyl groups, substituted and non-substituted alkoxy groups, substituted and non-substituted alkylthio 
groups, substituted and non-substituted aryl groups, substituted and non-substituted aryloxy groups, substituted and 
5 non-substituted arylthio groups, nitro group, and amino groups; 




30 

wherein M(lll) is a trivalent metal, Xd, Xd\ and Yd* each is a substituted or non-substituted residue that forms a mono- 
cyclic or polycyclic aromatic ring together with carbon atoms that are adjacent thereto at its both ends, Yd is a substi- 
tuted or non-substituted residue that forms a nitrogen-containing aromatic heterocycle together with a nitrogen atom 
and carbon atoms that are adjacent thereto at its both ends, and the substituents when present in these residues are 
35 independently selected from the group consisting of halogen atoms, substituted and non-substituted alkyl groups, sub- 
stituted and non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, substituted and non-sub- 
stituted aryl groups, substituted and non -substituted aryloxy groups, substituted and non-substituted arylthio groups, 
nitro group, and amino groups. 

[0051] Each compound has a structure in which a metal is bonded to two azo compounds having an azo group to 
40 which each end an aromatic ring or a heterocycle is bonded. Here, the general formulae (d) and (d') are tautomers. For 
simplicity in the following explanation, only one corresponding to (d) will be described, but it is intended to include also 
the other corresponding to (d'). 

[0052] In the general formulae (c) and (d), M represents a metal, and the Roman numeral in the parentheses on 
the right side thereof represents an oxidation number of the metal. Accordingly, M is a tetravalent metal in the general 

45 formula (c), and M is a trivalent metal in the general formula (d). The trivalent metal to be used may be, for example, Al, 
Ga, In, or the like. The tetravalent metal to be used may be, for example, Ti, V, Si, Ge, Sn(IV), or the like. 
[0053] Explanation on the residues Xc, Yc, Xd, Xd\ and Yd* in the general formulae (c) and (d) can be made by cit- 
ing the explanation on Xa in the general formula (a), and explanation on the residue Yd in the general formula (d) can 
be made by citing the explanation on Ya in the general formula (a). Thus, the detailed explanation thereof will be omitted 

so here. 

[0054] The residue(s) in the general formula (c) or (d) may have one or more substituents, which can be selected 
from those given as the examples of the substituents for the residue Xa and the residue Ya in the previous explanation 
on the general formula (a). 

[0055] Preferable embodiments of the general formulae (c) and (d) include, for example, those represented by the 
55 following chemical formulae (c1) and (d1): 
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[0056] In the present invention, the metal-containing azo compound having the decomposition temperature of 300 
to 500 °C preferably has a sublimation or evaporation rate of not less than 200 A/min. Here, the sublimation or evapo- 
ration rate refers to the maximum amount (or thickness) of a film formed per one minute, as determined by measuring 
with a film thickness monitor of a quartz oscillator type the change in the thickness of the film formed when 0.1 g of a 
dyestuff is evaporated by heating an evaporation source in a high vacuum of not more than 10" 3 Torr at a temperature 
elevation rate of 40 °C/min. 

45 [0057] Generally, in view of the productivity, the rate of vapor-depositing the recording layer-constituting material, 
i.e. the film forming rate (film forming speed), is preferably set at not less than about 1000 A/min. For this purpose, the 
metal-containing azo compound must be heated. Therefore, if the sublimation or evaporation rate of the compound is 
small, a considerable amount of heat is required in increasing the film forming rate. This results in a disadvantage that 
the heating temperature of the metal -containing azo compound approaches to its decomposition temperature, causing 

so the denaturing of the metal-containing azo compound to be easily started. If the metal-containing azo compound is 
denatured, recordation/reproduction of the signals of short pits will be particularly difficult leading to deteriorated prop- 
erties of the optical recording medium such as low resolution. Accordingly, it is preferable that the metal-containing azo 
compound used in the present invention is somewhat easily sublimed or evaporated. 

[0058] The optical recording medium of the present invention comprises a recording layer, a reflective layer, and an 
55 adhesive layer (protective layer) that are successively formed on a substrate. The recording layer comprises at least 
one metal-containing azo compound having the weight-loss starting temperature or the decomposition temperature 
within the range of 300 to 500 °C. Therefore, the recording layer may contain two or more kinds of the aforementioned 
metal-containing azo compounds, and may also contain at least one of other known components used as a dyestuff 
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and/or components that improve the properties of the recording layer (tor example, a light resistance improver or a sta- 
bilizer), as long as those specified conditions are satisfied, the recording layer is formed smoothly by the vapor deposi- 
tion, and the properties of the optical recording medum are not deteriorated. 

[0059] Next, a method of producing the optical recording medium of the present invention will be explained. The 
5 method of producing the optical recording medium of the present invention is characterized in that the step of forming 
its recording layer comprises vapor-depositing the recording layer-constituting material comprising the aforementioned 
metal-containing azo compound, on a substrate. 

[0060] Trie vapor deposition is also referred to as vacuum vapor deposition. In the present invention, the recording 
layer is formed by fixedly bonding a thin film onto a substrate through heating a dyestuff under a high vacuum to evap- 

w orate the dyestuff after melting it or directly subliming the dyestuff. When the recording layer is formed by the vacuum 
vapor deposition, the organic dyestuff evaporated or sublimed from an evaporation source is deposited to form a uni- 
form film over the entire surface of the substrate which film follows the groove shape of the substrate. 
[0061] Since the metal-containing azo compound having the decomposition temperature from 300 to 500 °C , 
which is used in the present invention, typically has a sublimation or evaporation starting temperature within the range 

is of 100 to 300 °C, the temperature of heating the metal -containing azo compound is preferably set at a temperature 
lower than the decomposition temperature by 50 to 100 °C upon the vapor deposition. Especially, when the sublimation 
or evaporation rate of the metal -containing azo compound is not less than 200 A/min, a sufficient film forming rate can 
be achieved even if the heating temperature is set as described above, whereby the optical recording medium can be 
produced with good productivity. 

20 [0062] Generally, a suitable film forming rate is from 200 to 4000 A/min. This rate is achieved by suitably adjusting 
the operation conditions such as the operation pressure, the heating temperature, and the amount of heat to be added. 
In adjusting the operation conditions, care should be taken not to denature or decompose the dyestuff. 
[0063] Such a vapor deposition method is known in the art. and a more detailed explanation is unnecessary. For 
the details, reference is made, for example, to Japanese Laid-open Patent Publication No. 54-164627/1979 disclosing 

25 a method of vapor-depositing a phthalocyanine dye on a substrate, the disclosure of which is incorporated herein by the 
reference. 

[0064] Next, a concrete construction of the optical recording medium of the present invention will be explained with 
reference to the drawing. 

[0065] The optical recording medium of the present invention comprises a substrate (1) made of a transparent resin 
30 such as polycarbonate, with a spiral groove (6) formed on one surface of the substrate. The recording layer (2) compris- 
ing the metal-containing azo compound and a reflective layer (3) made of gold or the like are successively formed on 
the surface on which the groove (6) is formed. A protective layer (4) made of an ultraviolet-curable resin or the like may 
be formed thereon. Alternatively, a protective layer made of an ultraviolet-curable resin may be formed as an adhesive 
layer (4) and a substrate (5) made of polycarbonate may be adhered thereon. 
35 [0066] The substrate (1) is preferably transparent to a laser beam, i.e. a substrate that transmits the laser beam, 
and may be made of a glass or a plastic. For example, the substrate may be formed of an acrylic resin, an epoxy resin, 
a polyolef in resin, a polycarbonate resin, or a material having optical and mechanical properties equivalent thereto. The 
substrate may be a simple plate or a composite plate. If the substrate is a composite plate, it may be a laminate of stuck 
layers. Further, the substrate (5) may be made of the same materia! as the substrate (1) or of another material as long 
40 as it does not deteriorate the mechanical properties of an optical recording medium. 

[0067] In the optical recording medium of the present invention, the substrate (1) has the spiral groove (6). Gener- 
ally, the ratio of the groove width (urn) thereof and the track pitch (which may hereafter be abbreviated as TP) (urn), and 
the groove depth (nm) in case where the wavelength of the laser beam is represented by X (nm) and the refractive index 
of the substrate is represented by "n\ are preferably within the following ranges: 

45 

0.25 < groove width/TP < 0.45 

0.2AV(4n) <: groove depth < 0.8?./(4n) 

so [0068] When the groove width/TP is smaller than 0.25, the tracking error signal generally decreases, whereas when 
the groove width/TP is larger than 0.45. the radial contrast generally decreases, whereby the properties of the optical 
recording medium are deteriorated. A more preferable groove width/TP is from 0.30 to 0.40. 

[0069] Further, when the groove depth is smaller than 0.2X/(4n), the tracking error signal generally decreases, 
whereas when the groove depth is larger than 0.8X/(4n). the reflectivity generally decreases, whereby the properties of 
55 the optical recording medium are deteriorated. A more preferable range is from 0.3A7(4n) to 0.6?i/(4n). 

[0070] Here, in this specification, the TP, the groove width, and the groove depth are used to mean the meanings 
which are conventionally used in the field of art. 

[0071] The preferable dyestuff constituting the recording layer (2) of the optical recording medium of the present 
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invention and the method of forming the recording layer are as described above. Here, the metal-containing azo com- 
pounds to be used in the recording layer of the optical recording medium of the present invention are not specifically 
limited to those shown above. Two or more kinds of these metal-containing azo compounds may be used for a mixture 
layer or laminated layers as long as they do not deteriorate the properties of the optica! recording medium. Furthermore. 

5 other dyestuff may be used in combination, and it is possfoJe to use, for example, one or more dyestuffs selected from 
polymethine dyes (cyanine dyes, merocyanine dyes, styryl dyes, squarilium dyes, and aminovinyl dyes) triphenylmeth- 
ane dyes, f luorane dyes, quinone dyes, cationic dyes, macrocyclic azaannulene dyes (phthalocyanine dyes, naphthalo- 
cyanine dyes, porphyrin dyes and subphthalocyanine dyes), indophenol dyes, condensed ring dyes such as perylene, 
and others, in the mixture layer or the laminated layers. 

10 [0072] The recording layer made of the mixture of two or more kinds of dyes is formed by vapor depositing the dyes 
mixed beforehand or by multi-element vapor deposition. Here, the multi-element vapor deposition refers to the vapor 
deposition performed by using a plurality of evaporation sources and evaporating or subliming the dyes simultaneously 
from the evaporation sources. The recording layer in the form of the la minate is formed by repetition of vapor deposition 
steps. 

is [0073] Generally, in the present invention, the total thickness of the recording layer (2) is preferably within the range 
of 40 to 300 nm, and more preferably within the range of 80 to 250 nm, irrespective of the type of the recording layer- 
constituting material and/or the method of forming the recording layer. When the recording layer (2) has a thickness 
smaller than 40 nm, the output from the optical recording medium is generally small, whereas when the thickness is 
larger than 300 nm, the reflectivity generally decreases, thereby deteriorating the properties of the optical recording 
medium. 

[0074] The reflective layer (3) can be formed by using a material having a high reflectivity and an excellent environ- 
ment, such as humidity, resistance. For example, the reflective layer (3) can be formed of Au, Ag, Al, Cu, Cr, Pt, Ni, Ti, 
or an alloy thereof by sputtering , vacuum vapor deposition, or the like. Among these, it is preferable to use Au, Ag, Al, 
or an alloy thereof. For adaptation to a laser beam of a shorter wavelength, it is preferable to use Ag and/or Al having a 
25 small change in the reflectivity. The reflective layer (3) preferably has a thickness of 30 to 200 nm, and more preferably 
50 to 100 nm. When the reflective layer has a thickness smaller than 30 nm. the reflectivity generally decreases, 
whereas when the thickness is larger than 200 nm. the reflectivity is saturated, which is disadvantageous in terms of 
costs and productivity. 

[0075] The adhesive layer (or protective layer) (4) can be formed of an ultraviolet-curable resin made of a polymer 
30 material generally used as an adhesive layer, for example, one or more materials selected from an epoxy resin, a ure- 
thane resin, an acrylic resin, a silicone resin, and the like. 

[0076] Basically, the materials other than the metal-containing azo compound to be used in the recording layer may 
be any known ones as long as they do not deteriorate the properties of an optical recording medium. 

35 EXAMPLES 

[0077] Hereafter, Examples will be described. However, the present invention is not limited to these. 
[0078] Examples will be described by dividing them into production of an azo compound, production of a complex 
of the azo compound and a metal, and production of an optical recording medium. 
- [0079] Here, in the synthesis of the complexes, the obtained compound was identified with the use of mass spec- 
trometry. NMR, and elementary analysis in each synthesis so as to confirm that the intended compound was obtained. 

Production of azo compound 

45 Production of Azo comoound-1 : 1-(4-methyl-2-pyridylazo)-2-naphthol 

[0080] A reaction flask was loaded with 2-amino-4-methylpyridine (16g), ethanol (50 ml), and sodium ethoxide 
(1 1g). followed by dropwise addition of isopentyl nitrite (17g) to the flask in 30 minutes with stirring. 
[0081] After the resultant mixture was further stirred for one hour at room temperature, heating was started and the 
so mixture was stirred at 75 to 80 °C for three hours. Thereafter, the heating was stopped, and the reaction mixture was 
cooled to room temperature, followed by dropwise addition of 2-naphthol (13g) dissolved in ethanol (15 ml) in 50 min- 
utes to the mixture. 

[0082] The resultant mixture was stirred at room temperature for one hour, heated, and stirred at 75 to 80 °C for 
additional two hours, followed by stopping the heating and then leaving the mixture to stand overnight. The reaction mix- 
55 ture was filtrated to remove insoluble components, and the filtrate was condensed by an evaporator for solidification. 
The resultant was dissolved in ethyl acetate (100 ml) and. after being successively washed with an aqueous solution of 
sodium hydroxide and water, the ethyl acetate layer (phase) was condensed by an evaporator, followed by addition of 
methanol to the residue for crystallization. The resultant was filtrated and the crystals were dried to give intended red 
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orange crystals (2.7g). 

Production of Azo compound -2: 1-(2-pyridylazo)-2-naphthol 

5 [0083] A reaction flask equipped with a cooling tube (reflux condenser) and a stirrer was loaded with 2-aminopyri- 
dine (15g). ethanol (50 ml), and sodium ethoxide (11 g). followed by dropwise addition of isopentyl nitrite (16g) to the 
flask in 30 minutes with stirring. 

[0084] The resultant mixture was processed in the same manner as the method for obtaining the aforementioned 
Azo compound- 1, thereby to give intended red orange crystals (4.0g). 

10 

Production of Azo compound-3 : 1 -(3-chloro-5-(trif luoromethyi)-2-pyridylazo)-2-naphthol 

[0085] A reaction flask was loaded with 3-chloro-5-(trifluoromethyl)-2-aminopyridine (4.0g), ethanol (13 ml), and 
sodium ethoxide (1.4g), followed by dropwise addition of isopentyl nitrite (2.9g) to the flask in 30 minutes with stirring. 

15 After the dropwise addition was ended, heating was started and the mixture was stirred at 75 to 80°C for four hours. 
[0086] The heating was stopped, and the reaction mixture was cooled to room temperature, followed by dropwise 
addition of 2-naphthol (1.7g) dissolved in ethanol (5 mi) to the mixture in one hour. The resultant mixture was stirred at 
room temperature for one hour, heated, and stirred at 75 to 80 °C for additional one hour, followed by stopping the heat- 
ing and then leaving the mixture to stand overnight. The reaction mixture was filtrated to remove insoluble components, 

20 and the filtrate was condensed by an evaporator. The residue was dissolved in ethyl acetate (100 ml) and, after being 
successively washed with an aqueous solution of sodium hydroxide and water, the ethyl acetate layer was condensed 
by an evaporator, followed by addition of methanol to the residue for crystallization. The resultant was filtrated and the 
crystals were dried to give intended red orange crystals (2.1g). 

25 Production of Azo compound-4 : 1-(5-chloro-2-pyridylazo)-2-naphthol 

[0087] A reaction flask was loaded with 5-chloro-2-aminopyridine (4.0g). ethanol (10 ml), and sodium ethoxide 
(1 .1 g), followed by dropwise addition of isopentyl nitrite (4.4g) to the flask in 30 minutes with stirring. After the dropwise 
addition was ended, heating was started and the mixture was stirred at 75 to 80 °C for four hours. 

30 [0088] The heating was stopped, and the reaction mixture was cooled to room temperature, followed by dropwise 
addition of 2-naphthol (2.2g) dissolved in ethanol (4 ml) in 30 minutes to the mixture. The resultant mixture was stirred 
at room temperature for one hour, heated, and stirred at 75 to 80 °C for additional five hours, followed by stopping the 
heating and then leaving the mixture to stand overnight. The reaction mixture was filtrated to remove insoluble compo- 
nents, and the filtrate was condensed by an evaporator. The residue was dissolved in ethyl acetate (100 ml) and, after 

35 being successively washed with an aqueous solution of sodium hydroxide, dilute sulfuric acid, and water, the ethyl ace- 
tate layer was condensed by an evaporator, followed by addition of methanol to the residue for crystallization. The 
resultant was filtrated and the crystals were dried to give intended red orange crystals (1 .5g). 

Production of Azo compound-5 : 1-(2-thiazolylazo) -2-naphthol 

40 

[0089] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2-aminothiazole (3.0g) and a 62% 
aqueous solution of sulfuric acid (24g), and the reaction flask was cooled to 0 °C while dissolving 2-aminothiazoie and 
stirring. To the resultant, a 45% sulfuric acid solution of nitrosyl sulfuric acid (8.5g) was dropwise added at 0 to 5 °C in 
one hour. After the dropwise addition was ended, the mixture was stirred at that temperature for 30 minutes. 
45 [0090] The resultant liquid was dropwise added to a mixed solution of 2-naphthol (4.3g) and a 16% aqueous solu- 
tion of sodium hydroxide (200 ml) at 0 to 10 °C in three hours. After the dropwise addition was ended, the mixture was 
stirred at 10 to 20 °C for one hour. The reaction mixture was neutralized with dilute sulfuric acid and filtrated to yield 
crystals, which were washed with water and then dried to give intended red orange crystals (6.1g). 

so Production of Azo compound-6 : 1 -(6-methyl-2-pyridylazo)-2-naphthol 

[0091] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2-amino-6-methylpyridine (25g), 
ethanol (125 ml), and sodium ethoxide (4.7g), followed by dropwise addition of isopentyl nitrite (27g) to the flask in 30 
minutes with stirring at room temperature. The resultant mixture was heated and stirred at 75 to 80 °C for four hours for 
55 reaction. Thereafter, the heating was stopped, and the reaction mixture was cooled to room temperature, followed by 
dropwise addition of 2-naphthol (16.5g) dissolved in ethanol (50 ml) in 30 minutes to the mixture. 
[0092] The resultant mixture was stirred at room temperature for one hour, heated, and stirred at 75 to 80 °C for 
additional two hours, followed by stopping the heating and then leaving the mixture to stand overnight. The reaction mix- 
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ture was filtrated to remove insoluble components, and the filtrate was condensed by an evaporator for solidification. 
The resultant was dissolved in ethyl acetate (500 ml) and, after being successively washed with an aqueous solution of 
sodium hydroxide and water, the ethyl acetate layer was collected and condensed by an evaporator, followed by addi- 
tion of methanol to the residue for crystallization. The resultant was filtrated and the crystals were dried to give red 
5 orange crystals (2.1g). 

Production of Azo compound -7: 1 -(4, 6-dimethyl-2-pyridylazo)-2-naphthol 

[0093] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2-amino-4,6-dimethylpyridine 
io (5g), ethanol (25 ml), and sodium ethoxide (0.9g). followed by dropwise addition of isopentyl nitrite (5.2g) to the flask in 
30 minutes with stirring at room temperature. The resultant mixture was heated and stirred at 75 to 80 °C for three 
hours. Thereafter, the heating was stopped, and the reaction mixture was cooled to room temperature, followed by 
dropwise addition of 2-naphthol (3.3g) dissolved in ethanol (10 ml) in 30 minutes to the mixture. 
[0094] The resultant mixture was stirred at room temperature for one hour, heated, and stirred at 75 to 80 °C for 
75 additional five hours, followed by stopping the heating and then leaving the mixture to stand overnight. The reaction mix- 
ture was filtrated to remove insoluble components, and the filtrate was condensed by an evaporator for solidification. 
The resultant solid was dissolved in ethyl acetate (100 ml) and, after being successively washed with an aqueous solu- 
tion of sodium hydroxide and water, the ethyl acetate layer was condensed by an evaporator, followed by addition of 
methanol to the residue for crystallization. The resultant was filtrated for collection and the crystals were dried to give 
intended red orange crystals (0.22g). 

Production of Azo compound-8 : 1 -(3-chloro-4,6-dimethyl-2-pyrimidinylazo)-2-naphthol 

[0095] A reaction flask equipped with a cooling tube and a stirrer was loaded with 6-amino-5-chloro-2, 4<li methyl - 
25 pyrimidine (25g), ethanol (130 ml), and sodium ethoxide (13g). followed by dropwise addition of isopentyl nitrite (25g) 
to the flask in 30 minutes with stirring at room temperature. 

[0096] The resultant mixture was heated and stirred at 75 to 80 °C for four hours. Thereafter, the heating was 
stopped, and the reaction mixture was cooled to room temperature, followed by dropwise addition of 2-naphthol (16g) 
dissolved in ethanol (20 ml) in 30 minutes to the mixture. 

30 [0097] The resultant mixture was heated again and stirred at 75 to 80 °C for 3.5 hours, followed by stopping the 
heating and then leaving the mixture to stand overnight. The reaction mixture was filtrated to remove insoluble compo- 
nents, and the filtrate was condensed by an evaporator. The residue was dissolved in ethyl acetate (300 ml) and, after 
being successively washed with an aqueous solution of sodium hydroxide and water, the ethyl acetate layer was con- 
densed by an evaporator, followed by addition of methanol to the residue for crystallization. The resultant was filtrated 

35 for collection and the crystals were dried to give intended crystals (0.5g). 

Production of Azo compound-9 : 9-[6-(2,2,3,3,3-pentaf luoropropoxy)-2-pyridylazo]-1 0-phenanthrol 

(1) Production of 2-fluoro-6-(2,2,3,3,3-pentafluoropropoxy)pyridine 

[0098] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2,2,3,3,3-pentafluoropropanol 
(3.9g), anhydrous potassium carbonate (4.3g), and dimethylformamide (10 ml), followed by stirring at room temperature 
for 10 minutes. To this mixture was dropwise added 2,6-difluoropyridine (3.0g) dissolved in dimethylformamide (7 ml) in 
one hour. Thereafter, the temperature was raised to 60 °C, and the mixture was stirred for six hours for reaction. 
45 [0099] Water was added to the reaction mixture, and extraction was carried out with hexane, followed by adding 
magnesium sulfate to the extracted liquid for drying. After filtration to remove magnesium sulfate, hexane was removed 
by an evaporator and an intended oil (4.5g) was obtained. 

(2) Production of 2-hydrazino-6-(2,2,3,3,3-pentafluoropropoxy)pyridine 

50 

[0100] A reaction flask was loaded with 2-fluoro-6-(2,2,3,3,3-pentafluoropropoxy)pyridine (4.0g) obtained in (1) and 
ethanol (15 ml), and the mixture was heated up to 40 °C with stirring. To this, hydrazine monohydrate (3.3g) was drop- 
wise added in 30 minutes. The temperature of the mixture was raised to the reflux temperature, followed by stirring for 
six hours. Thereafter, the heating was stopped, and the reaction mixture was condensed by an evaporator. Then, ethyl 
55 acetate and water were added and, after shaking with a separating funnel, the mixture was separated to collect the ethyl 
acetate layer. 

[0101] To the resultant, magnesium sulfate was added for drying, and then magnesium sulfate was removed by fil- 
tration. The filtrate was condensed by an evaporator to give an intended oil (1 .5g). 
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(3) Production of 9-[6-(2,2,3,3.3-pentafluoropropoxy)-2-pyridyla2o]-10-phenanthrol 

[0102] A reaction flask was loaded with acetic acid (12 ml) and 9,10-phenanthrenequinone (0.77g) and the temper- 
ature was raised to 100 °C with stirring to dissolve 9,10-phenanthrenequinone. To the resultant. 2-hydrazino-6- 
5 (2.2 i 3,3,3-pentafluoropropoxy)pyridine (1 .0g) obtained in (2) was added in 15 minutes. After stirring at 95 to 100 °C for 
one hour, the heating was stopped. Thereafter, the reaction product was left to cool and then filtrated to give crystals. 
After being successively washed with hot water and hot methanol, the crystals were dried to give an intended product 
(0.51g). 

10 Production of Azo compound-10: 9-[6-(4-trif luoromethylphenoxy)-2-pyridylazo]- 1 0-phenanthrol 

(1) Production of 2-fluoro-6-(4-trifluoromethyl-phenoxy)pyridine 

[0103] A reaction flask equipped with a cooling tube and a stirrer was loaded with 4-trifluoromethylphenol (8.4g), 
is anhydrous potassium carbonate (8.6g), and dimethylformamide (15 ml), followed by stirring at room temperature for 15 
minutes. To this mixture was dropwise added 2,6-drfluoropyridine (6.0g) dissolved in dimethylformamide (15 ml) in one 
hour. Thereafter, the temperature was raised to 60 °C, and the mixture was stirred for six hours for reaction. 
[0104] Water was added to the reaction mixture, and extraction was carried out with hexane, followed by adding 
magnesium sulfate to the extracted liquid for drying. After filtration to remove magnesium sulfate, hexane was removed 
20 by an evaporator to give an intended product (7.8g). 

(2) Production of 2-hydrazino-6-(4-tr'rfluoromethylphenoxy)pyridine 

[0105] A reaction flask was loaded with 2-f luoro-6-(4-trif luorom ethyl phenoxy) pyridine (4.0g) obtained in (1 ) and eth- 
25 anol (30 ml), and the mixture was heated up to 40 °C with stirring. To this, hydrazine monohydrate (3.8g) was dropwise 
added in 30 minutes. The temperature of the mixture was raised to the reflux temperature, followed by stirring for 20 
hours. Thereafter, the heating was stopped, and the reaction mixture was cooled, followed by filtration to remove insol- 
uble components. Then, the filtrate was condensed by an evaporator to give an intended product (2.0g). 

30 (3) Production of 9-[6-(4-trif luoromethyl phenoxy) -2 -pyridylazo]-1 0-phenanthrol 

[0106] A reaction flask was loaded with acetic acid (15 ml) and 9,10-phenanthrenequinone (1 .0g) and the temper- 
ature was raised to 95 °C with stirring to dissolve 9,1 0-phenanthrenequinone. To the resultant, 2-hydrazino-6-(4-trif luor- 
omethylphenoxy)pyridine (1 .5g) obtained in (2) was added in 1 5 minutes. After stirring at 95 to 1 00 °C for two hours, the 
35 reaction mixture was filtrated. After being successively washed with hot water and hot methanol, the resultant crystals 
were recrystallized with dioxane-water to give crystals, which were then filtrated and dried to give an intended product 
(0.5g). 

Production of Azo compound- 1 1 : 9-(3.6-dimethylpyrazinylazo)-1 0-phenanthrol 

40 

(1) Production of 2-hydrazino-3,6-dimethylpyrazine 

[0107] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2-chloro-3,6-dimethylpyrazine 
(10g) and ethanol (15ml), followed by heating up to 50 °C with stirring. To the resultant, a mixture of hydrazine mono- 
45 hydrate (1 1 .2g) and ethanol (1 0 ml) was dropwise added in one hour. The temperature was raised to the reflux temper- 
ature, followed by stirring for six hours. The heating was stopped and the reaction mixture was condensed by an 
evaporator. The precipitated crystals were filtrated and dried to give an intended product (2.7g). 

(2) Production of 9-(3,6-dimethyl-pyrazinylazo)-1 0-phenanthrol 

50 

[0108] A reaction flask equipped with a cooling tube and a stirrer was loaded with acetic acid (80 ml) and 9,10- 
phenanthrenequinone (4.0g) and the temperature was raised to 90 °C with stirring to dissolve 9,10-phenanthrenequi- 
none. To the resultant. 2-hydrazino-3.6-dimethylpyrazine (2.7g) obtained in (1) was added in 20 minutes. After stirring 
at 90 to 100 °C for two hours, the reaction mixture was cooled and filtrated. An aqueous solution of sodium hydroxide 
55 was added to the filtrate with stirring so that crystals separated out. After being washed with methanol, the filtrated crys- 
tals were recrystallized with dioxane-water to give crystals, which were then filtrated and dried to give an intended prod- 
uct (3.3g). 
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Production of Azo compound-12 : 6-bromo-1 -(3-methyl-2-pyridylazo)-2-naphthol 

[0109] A reaction flask was loaded with 2-amino-3-methylpyridine (4.0g), ethanol (15 ml), and sodium ethoxide 
(2.5g). followed by dropwise addition of isopentyl nitrite (6 ml) to the flask in 30 minutes with stirring. 
5 [0110] The resultant mixture was heated and stirred at 75 to 80 °C for four hours. Thereafter, the heating was 
stopped, and the reaction mixture was cooled to room temperature, followed by dropwise addition of 6-bromo-2 -naph- 
thol (5.0g) dissolved in ethanol (5 ml) in one hour to the mixture. 

[0111] The resultant mixture was stirred at room temperature for one hour, heated, and stirred at 75 to 80 °C for 
additional one hour, followed by stopping the heating and then leaving the mixture to stand overnight. The reaction mix- 
io ture was filtrated to remove insoluble components, and the filtrate was condensed by an evaporator for solidification. 
The resultant was dissolved in ethyl acetate (100 ml) and, after being successively washed with an aqueous solution of 
sodium hydroxide and water, the ethyl acetate layer was condensed by an evaporator, followed by addition of methanol 
to the residue for crystallization. The resultant was filtrated and the crystals were dried to give intended red orange crys- 
tals (L7g). 

75 

Production of Azo compound-13 : 6-bromo-1 -(2-thiazolylazo)-2-naphthol 

[01 12] A reaction flask was loaded with 2-aminothiazole (3.0g) and a 62% aqueous solution of sulfuric acid (24g), 
and the reaction flask was cooled to 0 °C while dissolving 2-aminothiazole and stirring. To the resultant, a 45% sulfuric 
acid solution of nrtrosyl sulfuric acid (8.5g) was dropwise added at 0 to 5 °C in one hour. After the dropwise addition was 
ended, the mixture was stirred at that temperature for 30 minutes. 

[01 1 3] The resultant liquid was dropwise added to a mixed solution of 6-bromo-2-naphthol (6.7g) and a 1 6% aque- 
ous solution of sodium hydroxide (200 ml) at 0 to 1 0 °C in three hours. After the dropwise addition was ended, the mix- 
ture was stirred at 10 to 20 °C for one hour. The reaction mixture was neutralized with dilute sulfuric acid and filtrated 
25 to yield crystals, which were washed with water and then dried to give intended red purple crystals (7.7g). 

Production of Azo compound-1 4 : 9-(2-pyridylazo)-1 0-phenanthrol 

[0114] A reaction flask equipped with a cooling tube and a stirrer was loaded with acetic acid (1 10 mi) and heated 
30 up to 90 °C with stirring. Into the reaction flask, 9,10-phenanthrenequinone (5.0g) was introduced and dissolved, fol- 
lowed by addition of 2-hydrazinopyridine (2.7g) in 10 minutes to the mixture. After stirring at 90 °Cfor 1.5 hours, the mix- 
ture was left to cool. The crystals obtained by filtration were successively washed with hot water and hot methanol, 
followed by recrystallization with dioxane-water. The resultant crystals were filtrated and dried to give an intended prod- 
uct (3.0g). 

35 

Production of Azo compound-15 : 1 -(3-methyl-2-pyridylazo)-2-naphthol 

[0115] A reaction flask equipped with a cooling tube and a stirrer was loaded with 2-amino-3-methylpyridine (5g), 
ethanol (25 ml), and sodium ethoxide (0.94g), followed by dropwise addition of isopentyl nitrite (5.4g) to the flask in 30 

.~ minutes with stirring. The resultant mixture was heated and stirred at 75 to 80 °C for four hours. Thereafter, the heating 
was stopped, ,and the reaction mixture was cooled to room temperature, followed by dropwise addition of 2-naphthol 
(3.3g) dissolved in ethanol (10 ml) in 30 minutes to the mixtures. The resultant mixture was stirred at room temperature 
for one hour, heated, and stirred at 75 to 80 °C for additional three hours, followed by stopping the heating and then 
leaving the mixture to stand overnight. The reaction mixture was filtrated to remove insoluble components, and the fil- 

45 trate was condensed by an evaporator for solidification. The resultant solid was dissolved in ethyl acetate (1 00 ml) and, 
after being successively washed with an aqueous solution of sodium hydroxide and water, the ethyl acetate layer was 
condensed by an evaporator, followed by addition of methanol to the residue for crystallization. The resultant was fil- 
trated for collection and the crystals were dried to give red orange crystals (0.4g). 

so Production of complex of azo compound and metal 

Production of Complex- 1 : zinc, bis[1-(4-methyl-2-pyridylazo)-2-naphtholato] 

[011 6] A reaction flask equipped with a cooling tube and a stirrer was loaded with Azo compound-1 (1 .1g). zinc ace- 
55 tate dihydrate (0.45g). and methanol (25 ml), followed by stirring at 55 to 60 °C for three hours. The heating was 
stopped, and the mixture was cooled to room temperature. After dropwise addition of water (10 ml) to the mixture, the 
mixture was filtrated to give red purple crude crystals, which were then put into methanol (20 mi). The mixture was 
stirred for two hours with heating, and then cooled, filtrated, and dried successively to give purified crystals (1.0g). 
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Production of Complex-2 : copper, bis[1 -(2-pyridylazo)-2-naphtholato] 

[0117] A reaction flask was loaded with Azo compound-2 (1.0g), copper acetate (0.37g), and methanol (25 ml), fol- 
lowed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room temper- 
5 ature. After dropwise addition of water (10 ml) to the mixture, the mixture was filtrated to give red purple crystals, which 
were then put into methanol (20 ml). The mixture was stirred for two hours with heating, and then cooled, filtrated, and 
dried successively to give purified crystals (0.8g). 

Production of Comolex-3 : nickel. bis[3-(2-pentyloxy)-6-(2-pyridylazo)phenolato] 

10 

[0118] A reaction flask was loaded with 4-(2-pyridylazo)resorcinol (2.2g), methanol (60 ml), and nickel acetate tet- 
rahydrate ( 1 .2g), followed by stirring at 55 to 60°C for five hours. The heating was stopped and water (20 ml) was drop- 
wise added to the mixture. The precipitate was filtrated for collection and then dried to give red purple crystals of nickel, 
bis[3-hydroxy-6-(2-pyridylazo)phenolato] (2.3g). 

is [01 1 9] Subsequently, a reaction flask was loaded with the crystals of this metal complex (1 . 1g), dimethylformamide 
(5 ml), and anhydrous potassium carbonate (0.93g). The temperature was raised to 70 °C with stirring, and 2-bromo- 
pentane (0.85g) was dropwise added in one hour to the mixture, followed by stirring at 70 to 80 °C for five hours. The 
heating was stopped and, after cooling, the reaction mixture was poured into water (200 ml). The precipitate was fil- 
trated for collection and dried to give red purple crystals. The resultant crystals were recrystallized with a mixed solvent 

20 of hexane-methanol to give purified crystals (0.86g). 

Production of Complex-4 : zinc, bis[1 -(3-chloro-5-(trifluoromethyl)-2-pyridylazo)-2-naphtholato] 

[0120] A reaction flask was loaded with Azo compound-3 (1 .8g), zinc acetate dihydrate (0.55g), and methanol (20 
25 ml), followed by stirring at 55 to 60 °C for five hours. The heating was stopped, and the mixture was cooled to room tem- 
perature. After dropwise addition of, water (10 ml) to the mixture, the mixture was filtrated to give red purple crystals, 
which were then put into warm water (30 ml). Then, stirring, filtration, and drying were successively carried out to obtain 
purified crystals (1.7g). 

30 Production of Complex-5 : zinc, bis[1-(5-chloro-2-pyridylazo)-2-naphthoIato] 

[0121] A reaction flask was loaded with Azo compound-4 (1 5g), zinc acetate dihydrate (0.55g), and methanol (40 
ml), followed by stirring at 55 to 60 °C for five hours. The heating was stopped, and the mixture was cooled to room tem- 
perature. After dropwise addition of water (10 ml) to the mixture, the mixture was filtrated to give red purple crude crys- 
35 tals, which were then put into warm water (30 ml). Then, stirring, filtration, and drying were successively carried out to 
obtain purified crystals (1 .3g). 

Production of Complex-6 : zinc, bis[1-(2-thiazolylazo)-2-naphtholato] 

40 [0122] A reaction flask equipped with a cooling tube and a stirrer was loaded with Azo compound-5 (0.51g), zinc 
acetate dihydrate (0.22g), and methanol (20 ml), followed by stirring at 50 to 60 °C for five hours. The heating was 
stopped, and the mixture was cooled, followed by filtration. The resultant black purple crystals were put into methanol 
(30 ml) so that the crystals was dispersed, followed by filtration. The resultant crystals were put into warm water (30 ml) 
so that the crystals was dispersed in the warm water. Then, filtration and drying were successively carried out to obtain 

45 purified crystals (0.51 g). 

Production of Complex-7 : zinc, bis[1-(2-pyridylazo)-2-naphtholato] 

[0123] A reaction flask was loaded with Azo compound-2 (1.1g). zinc acetate dihydrate (0.48g). and methanol (25 
so ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room 
temperature. After dropwise addition of water (10 ml) to the mixture, filtration was carried out to obtain red purple crude 
crystals, which were then put into hot water (100 ml). The mixture was stirred for one hour with heating, and then fp- 
trated and dried successively to give purified crystals (1 .0g). 

55 Production of Complex-8 : zinc. bis[1-(3-methyl-2-pyridylazo)-2-naphtholato] 

[0124] A reaction flask was loaded with Azo compound-15 (0.4g), zinc acetate dihydrate (0.17g), and methanol (15 
ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room 
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temperature. After dropwise addition of water (1 0 mi) to the mixture, filtration was carried out to obtain red purple crude 
crystals, which were then put into hot water (50 ml). The mixture was stirred for one hour with heating, and then filtrated 
and dried successively to give purified crystals (0.4g). 

£ Production of Complex -9: nickel. bis[1 -(4-methy1-2-pyridylazo)-2-naphtholato] 

[0125] A reaction flask was loaded with Azo compound-1 (0.55g), nickel acetate tetrahydrate (0.25g), and methanol 
(15 ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room 
temperature. After dropwise addition of 5 ml of water to the mixture, filtration was carried out to give red purple crude 
io crystals. The crystals were stirred for two hours in methanol (20 ml) with heating, and then cooled, filtrated, and dried 
successively to give purified crystals (0.45g). 

Production of Complex-10 : copper. bis[1 -(4-methyl-2-pyridylazo) -2-naphtholato] 

is [0126] A reaction flask was loaded with Azo compound-1 (0.55g), copper(ll) acetate (0. 18g). and methanol (1 5 ml), 
followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room tem- 
perature. After dropwise addition of water (5 ml) to the mixture, filtration was carried out to obtain red purple crude crys- 
tals. The crystals were stirred for two hours in methanol (20 ml) with heating, and then cooled, filtrated, and dried 
successively to give purified crystals (0.41 g). 

Production of Complex-1 1 : zinc, bis[9-(2-pyr idyl azo)- 10-phenanthrolato] 

[0127] A reaction flask was loaded with Azo compound- 14 (1 .0g), zinc acetate dihydrate (0.37g), and methanol (20 
ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the reaction product was filtrated 
25 to give red purple crude crystals. The crystals were successively washed with hot methanol, hot dioxane, and hot water, 
followed by drying to give purified crystals (0.8g). 

Production of Complex-1 2 : zinc. bis[1 -(6-methyl-2-pyridylazo)-2-naphtholato] 

30 [01 28] A reaction flask was loaded with Azo compound-6 (0.40g), zinc acetate dihydrate (0. 1 7g), and methanol (15 
ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped and, after cooling to room temperature, 
filtration was carried out to obtain black purple crude crystals, which were then put into hot water (50 ml). The mixture 
was stirred for one hour with heating, and then filtration and drying were successively carried out to obtain purified crys- 
tals (0.36g). 

35 

Production of Complex-1 3 : nickel, bis[1-(6-methyl-2-pyridylazo)-2-naphtholato] 

[0129] A reaction flask was loaded with Azo compound-6 (0.40g), nickel acetate tetrahydrate (0.19g), and methanol 
(15 ml), followed by stirring at 55 to 60 P C for three hours. The heating was stopped and, after cooling to room temper- 
ature, filtration was carried out to obtain black purple crude crystals, which were then put into hot water (50 ml). The 
mixture was stirred for one hour with heating, and then filtrated and dried successively to give purified crystals (0.34g). 

Production of Complex-1 4 : copper, bis[1 -(6-methyl-2-pyridylazo) -2-naphtholato] 

45 [0130] A reaction flask was loaded with Azo compound-6 (0.40g), copper (II) acetate (0.1 4g), and methanol (15 ml), 
followed by stirring at 55 to 60 °C for three hours. The heating was stopped and, after cooling to room temperature, fil- 
tration was carried out to obtain black purple crude crystals, which were then put into hot water (50 ml). The mixture 
was stirred for one hour with heating, and then filtrated and dried successively to give purified crystals (0.33g). 

so Production of Complex-1 5 : manganese (II). bis[1-(6-methyl-2-pyridylazo)-2-naphtholato] 

[01 31 ] A reaction flask was loaded with Azo compound-6 (0.40g). manganese (II) acetate tetrahydrate (0. 1 8g), and 
methanol (15 ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped and. after cooling to room 
temperature, filtration was carried out to obtain black purple crude crystals, which were then put into hot water (50 ml). 
55 The mixture was stirred for 0.5 hour with heating, and then filtrated and dried successively to give purified crystals 
(0.38g). 
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Production of Comolex-16 : zinc, bisl1-(4,6KJimethyl-2-pyridyla20)-2-naphtholato] 

[0132] A reaction flask was loaded with Azo compound-7 (0.20g). zinc acetate dihydrate (0.08g). and methanol (10 
ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped and. after cooling to room temperature. 
5 filtration was carried out to obtain red purple crude crystals, which were then put into hot water (50 ml). The mixture was 
stirred for one hour with heating, and then filtrated and dried successively to give purified crystals (0.1 7g). 

Production of Complex- 17: zinc. bis[1-(3-chloro-4.6-dimethyl-2-pyrimidinylazo)-2-naphtholato] 

io [01 33] A reaction flask was loaded with Azo compound-8 (0.45g), zinc acetate dihydrate (0. 1 7g). and methanol (1 0 
ml), followed by stirring at 55 to 60 °C for five hours. The heating was stopped and, after cooling to room temperature, 
filtration was carried out to obtain black purple crude crystals, which were then put into hot water (50 ml). The mixture 
was stirred for one hour with heating, and then filtrated and dried successively to give purified crystals (0.44g). 

15 Production of Complex-18 : nickel, bis[9-(6-(2,2,3 > 3,3-pentafluoropropoxy)-2-pyridylazo)-10-phenanthrolato] 

[0134] A reaction flask was loaded with Azo compound-9 (0.48g) and methanol (13 ml) and, while stirring and heat- 
ing the mixture, further loaded with nickel acetate tetrahydrate (0.13g). After stirring at 55 to 60 °C for five hours, the 
heating was stopped. Then, the reaction product was left to cool and filtrated to give crude crystals. The crystals were 
20 successively washed with hot water, methanol, dioxane, and 1 -propanol. and then dried to give purified crystals (0.32g). 

Production of Complex- 19 : zinc, bis[9-(6-(4-trifluoromethytphenoxy)-2-pyridylazo)-10-phenanthrolato] 

[0135] A reaction flask was loaded with Azo compound-1 0 (0.30g) and methanol (6 ml) and, while stirring and heat- 
25 ing the mixture, further loaded with zinc acetate dihydrate (0.07g). After stirring at 55 to 60 °C for two hours, the heating 
was stopped. Then, the reaction product was left to cool and filtrated to give crude crystals. The crystals were succes- 
sively washed with hot water and hot methanol, and then dried to give purified crystals (0.29g). 

Production of Complex-20 : zinc, bis(9-(3,6<limethy1pyrazinylazo)-10-phenanthrolato] 

30 

[0136] A reaction flask was loaded with Azo compound-1 1 (0.60g), zinc acetate dihydrate (0.22g), and methanol 
(10 ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped and the reaction product was fil- 
trated to give crude crystals, which were then successively washed with hot water and hot methanol, and further recrys- 
tallized with dioxane-water. The resultant crystals were filtrated and then dried to give purified crystals (0.57g). 

35 

Production of Complex-21 : copper, bis[6-bromo-1-(3-methyl-2-pyridylazo)-2-naphtholato] 

[0137] A reaction flask was loaded with Azo compound-1 2 (1.7g), copper acetate (0.45g), and methanol (20 ml), 
followed by stirring at 55 to 60 °C for three hours. The heating was stopped, and the mixture was cooled to room tem- 
40 perature. After dropwise addition of water (10 ml) to the mixture, the mixture was filtrated to give red purple crude crys- 
tals, which were then put into warm water (30 ml). Then, stirring, filtration, and drying were successively carried out to 
obtain purified crystals (1.4g). 

Production of Complex-22 : zinc, bis[6-bromo-1-(2-thiazolylazo)-2-naphtholato] 

45 

[0138] A reaction flask was loaded with Azo compound-13 (1 9g), zinc acetate dihydrate (0.61g), and methanol (60 
ml), followed by stirring at 50 to 60 °C for four hours. The heating was stopped and the mixture was cooled. After addi- 
tion of water (40 ml) to the mixture, filtration was carried out to obtain crystals, which were then put into a mixed solvent 
of hexane-methanol so that the crystals was dispersed in the solvent After the resultant was heated, cooling, filtration, 
so and drying were successively carried out to obtain purified purple crystals (1 . 1 g). 

Production of Complgx-23: nickel, bis[1-(2-pyridylazo)-2-naphtholato] 

[0139] A reaction flask equipped with a cooler and a stirrer was loaded with Azo compound-2 (1.1g). nickel acetate 
55 tetrahydrate (0.55g). and methanol (25 ml), followed by stirring at 55 to 60 °C for three hours. The heating was stopped, 
and the mixture was cooled to room temperature. After dropwise addition of water (10 ml) to the mixture, the mixture 
was filtrated to give red purple crude crystals, which were then put into methanol (20 ml). The resultant was stirred for 
two hours with heating, and then cooled, filtrated, and dried successively to give purified crystals (1.0g). 
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[0140] The structural formulae and the weight-loss starting temperatures or the decomposition temperatures of the 
above-described Complex- 1 to Complex-23 are shown together in Table 1. 

[0141] In Table 1, the weight-loss starting temperatures and decomposition temperatures were measured by the 
following methods. 

Weight-loss starting temperature: 

[0142] With the use of a thermogravimeter (TGA-50 manufactured by Shimadzu Corporation), the weight-loss start- 
ing temperature was determined by measuring the temperature at which a weight loss of a sample started when the 
sample was heated in a nitrogen (N2) atmosphere at a temperature raising rate of 10 °C/min. 

Decomposition temperature : 

[0143] With the use of a differential scanning calorimeter (DSC-50 manufactured by Shimadzu Corporation), the 
decomposition temperature was determined by measuring the temperature at which a dyestuff began to be chemically 
decomposed (i.e. the temperature at which the heat generation peak appeared) when the sample was heated in nitro- 
gen (N2) of 1 atm at a temperature raising rate of 10 °C/min. 

[0144] Here, although not shown in Table 1 , the sublimation or evaporation rates of Complexes-1 , 2 f 3, 4, 5, 6, and 
23 as measured by the aforementioned method with the use of a film thickness monitor of quartz oscillator type (CRTM- 
5000) manufactured by ULVAC JAPAN, Ltd., were 900. 3400, 1000, 1500, 1700, 2300, and 150 (unit: A/min for each), 
respectively. 



Table 1 



Com- 
plex 
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Complex 


Structural Formula 
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Starting 
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ature (°C) 
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Zinc, bis[1-(4- 
methyl-2- 
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Zn 
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(2-pyridylazo) 
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Nickel, bis[3- 
(2-pentytoxy)- 
6-(2-pyridyl- 
azo)phenolato] 
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Ni 
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Zinc, bis[1-{3- 

chloro-5- 

(trifluoromethyl) 

-2-pyridylazo)- 

2-naphtholato] 
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Zn 
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5 


Zinc, bis[1-{5- 
chloro-2- 
pyridyiazo)-2- 
naphtholato] 
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2 
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Zinc, bis[1-(2- 
thiazolylazo)- 
2-naphtholato] 
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naphthoiato] 
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methyl-2- 
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naphtholatol 
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naphtholato] 
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Copper, bis[1- 
(4-methyl-2- 
pyridylazo)-2- 
naphtholato] 


L 
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Zinc, bis[9-(2- 
pyridylazoH 0- 
phenanthrolato] 
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Nickel, bis[9- 

(6-{2,2 ( 3,3.3- 
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F 3 CF 2 CH2CO 

Ni 


■ 
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Zinc, bis[9-(6- 

(4-trifluoro- 

methyl- 

phenoxy)-2- 
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phenanthrolato] 
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Zn 
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2-naphtholato] 








400 




20 








L \i/ J 

Ni 


2 







Production of optical recording medium 
Optical recording medium- 1 : 

[0145] A recording layer (2) was formed to a thickness of 210 nm by vacuum-depositing Complex-1 on a substrate 
(1) on which a spiral groove was formed with a track pitch of 0.74 ^m, a groove width of 0.27 urn, and a groove depth 
35 of 51 nm. The substrate (1) was a plate of polycarbonate resin having a refractive index (n) of 1 .55, a diameter of 120 
mm. and a thickness of 0.6 mm. 

[0146J Then, a reflective layer (3) was formed to a thickness of 100 nm on the recording layer (2) by sputtering gold. 
Further, an adhesive layer (4) made of an ultraviolet-curable acrylic resin and a substrate (5) made of the same material 
and having the same thickness as the substrate (1) were laminated in this order on the recording layer (2) to produce 
40 an optical recording medium of a disk-type. 

Optical recording medium-2 to Optical recording medium- 23 : 

[0147] Optical recording medium-2 to Optical recording medium-23 were produced by a method similar to that 
45 employed for the production of Optical recording medium-1. The material and the dimension of the substrate used in 
producing each of the optical recording media are the same as those used for the production of Optical recording 
medium-1 . The width and the depth of the groove disposed in the substrate, the groove width/TP, the groove depth * 
(4n)A, the kind of the complex, and the thickness of the recording layer are as shown in Table 3. 
[0146] However, Complex-21 and Complex-22 could not be vapor-deposited on the substrate because of the 
so decomposition by heat, thereby the optical recording medium failed to be produced. 

[0149] In the production process of each of Optical recording media-1 to 23, the pressure at which vapor deposition 
was carried out was set to at about 10' 4 Torr, and the temperature at which the complex was heated was set at about 
200 to 350 °C so that it was lower by 50 to 1 00 °C than the weight-loss starting temperature or the decomposition tem- 
perature of each complex and the film forming rate was about 1000 A/min. 

55 

Optical recording medium-24 : 

[0150] A 4-wt% solution of a cyanine dyestuff having a decomposition temperature of 280 °C (NK79 manufactured 
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by Nippon Kankoh-Shikiso Kenkyusho Co., Ltd.) was prepared by dissolving it into fluoroalcohol (Fluoroalcohol (N1)™ 
manufactured by Daikin Industries, Ltd.). and the solution was applied on the substrate by the spin coaler method (at a 
rotating speed of 5000 rpm) to form a recording layer. The material of the substrate, the thickness of the recording layer, 
and the like are as shown in Table 2. 



Table 2 



15 



25 



30 



35 



Optical 
Recording 
Medium No. 


Substrate 


Complex No. 


Recording 
Layer Thick- 
ness (nm) 




Groove Width 

.rv\ 


Groove Depth 
(nm) 


Groove 

Wlutn / 1 r 


Groove Depth 
4n/A 






1 


0.27 


51 


0.36 


0.49 


1 


210 


2 


0.27 


51 


0.3d 


0.49 


2 


120 


3 


0.27 


51 


0.36 


0.49 


3 


140 


4 


0.27 


51 


0.36 


0.49 


4 


120 


5 


0.29 


60 


0.39 


0.58 


5 


130 


6 


0.25 


38 


0.34 


0.37 


6 


90 


7 


0.27 


51 


0.36 


0.49 


7 


140 


8 


0.27 


51 


0.36 


0.49 


8 


120 | 


9 


0.27 


51 


0.36 


0.49 


9 


120 


10 


0.27 


51 


0.36 


0.49 


10 


120 


11 


0.27 


51 


0.36 


0.49 


11 


200 


12 


0.27 


51 


0.36 


0.49 


12 


130 


13 


0.27 


51 


0.36 


0.49 


13 


120 


14 


0.27 


51 


0.36 


0.49 


14 


120 


15 


0.27 


51 


0.36 


0.49 


15 


150 | 


16 


0.29 


60 


0.39 


0.58 


16 


95 


17 


0.25 


38 


0.34 


0.37 


17 


210 


18 


0.27 


51 


0.36 


0.49 


18 


150 


19 


0.27 


51 


0.36 


0.49 


19 


140 


20 


0.27 


51 


0.36 


0.49 


20 


100 


21 


0.27 


51 


0.36 


0.49 


21 




22 


0.27 


51 


0.36 


0.49 


22 




23 


0.27 


51 


0.36 


0.49 


23 


90 


24 


027 


115 


0.36 


1.11 


Cyanine dye- 
stuff 


110 



so 

[01 51 ] The following tests were conducted on Optical recording medium-1 to Optical recording medium-24 for eval- 
uation of their performances. 

(1) Tracking error signal 

55 

[0152] With the use of an optical disk evaluation apparatus (DDU-1000, laser wavelength: 640 nm) manufactured 
by Pulsetech Kogyo Co., Ltd., the tracking error signal of an unrecorded disk was evaluated. The tracking error signal 
was evaluated by the difference ( A TE) between the maximum value (TEmax) and the minimum value (TEmin) in the 
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radial direction and the average value thereof (TEave). of which unit each is mV. 

(2) Continuous recording state 

s [0153] With the use of the above-mentioned evaluation apparatus, the recording state was observed upon record- 
ing random signals. The evaluation standard for the state of signal recordation was as follows: 

3: showed an extremely excellent stability as to continuous recordation; 
2: showed stability which permits practical use as to continuous recordation; and 
10 1 : was such unstable that practical use is not allowed as to continuous recordation because tracking ran off or a still 
state or the like appeared during the recordation. 

(3) Resolution 

i5 [0154] It was measured with the use of the above-mentioned evaluation apparatus, and the resolution value at a 
central portion of the disk radius was determined as a representative value. 

[0155] The results of the performance evaluation of each optical recording medium are shown in Table 3. 
[0156] Further, the tracking error signals of Optical recording medium-12 (vapor deposition type) and Optical 
recording medium-24 (application type) along the radial direction of the disk are shown in Fig. 2 as relative values when 
20 the maximum value is set to be 1 . 



Table 3 



25 


Optical Recording 
Medium No. 


TEave 


ATE 


Continuous Record- 
ing State 


Resolution 




1 


210 


20 


2 


0.24 




2 


170 


20 


2 


0.26 


30 


3 


190 


20 


2 


0.29 


4 


200 


20 


2 


0.24 




5 


200 


20 


2 


0.22 




6 


160 


20 


2 


0.27 


35 


7 


170 


14 


2 


0.25 




8 


190 


15 


2 


0.25 




9 


150 


12 


2 


0.33 


40 


10 


180 


14 


2 


0.26 




11 


190 


16 


2 


0.19 




12 


180 


15 


3 


0.23 




13 


200 


16 


3 


0.31 


45 


14 


170 


14 


3 


0.24 




15 


160 


14 


3 


0.22 




16 


150 


12 


3 


0.26 


50 


17 


150 


12 


3 


0.25 ! 




18 


150 


12 


3 


0.24 




19 


180 


14 


3 


0.25 




20 


150 


12 


3 


0.25 


55 


21 


The recording layer cc 
uum vapor deposition 


)uld not be formed due 


to decomposition of th< 


2 complex during vac- 
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Table 3 (continued) 



Optical Recording 
Medium No. 


TEave 


ATE 


Continuous Record- 
ing State 


Resolution 


22 


The recording layer could not be formed due to decomposition of the complex during vac- 
uum vapor deposition. 


23 


130 


20 


1 


0.16 


24 


110 


60 


1 


0.16 



10 

[0157] Here, although not shown in the Table, Carrier to noise ratio (CN value) of each of Optical recording media- 
12 to 20 was measured. A CN value of not less than 50 dB was obtained in each optical recording medium, thus con- 
firming a good recordation state. 

[0158] From Table 3, each of the optical recording media (Optical recording media-1 to 20, 23) having the recording 
15 layer formed by vapor-depositing the metal-containing azo compound has a smaller ATE, i.e. a smaller change in the 
tracking error signal in the radial direction, than that of Optical recording medium-24 having the recording layer formed 
by the spin coater method. This shows that, by using the vapor deposition method, a proper tracking error signal can 
be ensured even if the substrate having a groove of a smaller depth is used. 

[0159] Further, by vapor-depositing the metal-containing azo compound having the decomposition temperature 
within the range of 300 to 500 °C (Complexes-1 to 20) to form the recording layer, it is possible to obtain the optical 
recording medium that exhibits the good recording property with practical productivity. This is clear also from the fact 
that the complexes having a decomposition temperature out of the aforementioned range could not be vapor-deposited. 
[0160] The weight-loss starting temperature of the complex used in the production of Optical recording medium-23 
was 400 °C, thus being in the above-mentioned proper range. However, the tracking error signal and the resolution of 
25 Optical recording medium-23 were each lower than those of Optical recording media-1 to 22. This seems to be caused 
for the reason that since its evaporation rate was as small as 150 A/min. the complex was decomposed by heating 
under a condition such that the film forming rate was 1000 A/min. 

[0161] Further, as shown in Optical recording media-12 to 20, by using the metal-containing azo compound having 
the substituent R at the specific position, it is possible to obtain an optical recording medium by which continuous recor- 
30 dation can be stably carried out. This seems to be because, when the substituent R is present at the specific position 
of the metal-containing azo compound, for some unknown reason or other, there will be substantially no influence from 
adjacent tracks, and therefore, no change in the tracking signal upon recording information into the disk. 

INDUSTRIAL APPLICABILITY 

35 

[0162] - In the optical recording medium of the present invention, its recording layer is formed by vapor-depositing 
the metal-containing azo compound having the specific weight-loss starting temperature or the specific decomposition 
temperature. Vapor-deposition of the metal-containing azo compound having the specific weight-loss starting temper- 
ature or the specific decomposition temperature makes it possible to efficiently produce the optical recording medium 
having the excellent quality with the uniform recording layer which follows the groove shape on the substrate, thereby 
giving a great practical value to the production of optical recording media. 

[0163] Further, use of the metal -containing azo compound having the specific substituent makes it possible to 
obtain the optical recording medium by which continuous recordation can be stably carried out. Such an optical record- 
ing medium is extremely useful in the fields of acoustics, videos, and computers. 

45 

Claims 

1 . An optical recording medium having a recording layer formed on a substrate, the recording layer allowing writing 
and/or reading information by a laser beam, characterized in that the recording layer is formed on the substrate by 

so vapor-depositing a recording layer-constituting material comprising at least one metal-containing azo compound 
having a weight-loss starting temperature or a decomposition temperature of from 300 to 500 °C. 

2. The optical recording medium according to claim 1 characterized in that the metal-containing azo compound has a 
sublimation or evaporation rate of not less than 200 A/min. 

55 

3. The optical recording medium according to claim 1 or 2 characterized in that the metal -containing azo compound 
is represented by the following general formula (a) or (a*): 
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5 



10 




wherein M(ll) is a bivalent metal, Xa is a substituted or non-substituted residue that forms a monocyclic or polycy- 
clic aromatic ring together with carbon atoms that are adjacent thereto at its both ends, Ya is a substituted or non- 
substituted residue that forms a nitrogen-containing aromatic heterocycle together with a nitrogen atom and carbon 
atoms that are adjacent thereto at its both ends, and the substituerrts when present in these residues are independ- 
20 ently selected from the group consisting of halogen atoms, substituted and non-substituted alkyl groups, substi- 
tuted and non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, substituted and non- 
substituted aryl groups, substituted and non-substituted aryloxy groups, substituted and non-substituted arylthio 
groups, nitro group, and substituted and non-substituted amino groups. 

25 4. The optical recording medium according to claim 3 in which, when the residue Xa and/or the residue Ya has a sub- 
stituent(s), the carbon number of the substituent(s) is 1 to 9. 

5. The optical recording medium according to claim 3 or 4 in which Xa forms a benzene ring, a phenanthrene ring, or 
a naphthalene ring with the adjacent carbon atoms. 

30 

6. The optical recording medium according to any one of claims 3 to 5 in which Ya forms a pyridyl group, a pyrimidinyl 
group, a pyrazinyl group, a triazinyl group, a thiazolyl group, a benzothiazolyl group with the nitrogen atom and the 
carbon atoms adjacent thereto. 

35 7. The optical recording medium according to any one of claims 3 to 6 in which a sulfur atom is bonded instead of the 
oxygen atom bonded to the carbon atom that is adjacent to the residue Xa in the general formula (a) or (a*). 

8. The optical recording medium according to claim 1 or 2 characterized in that the metal-containing azo compound 
is represented by the following general formula (b) or (b ): 

40 




55 wherein M(ll) is a bivalent metal. R is selected from the group consisting of substituted and non-substituted alkyl 
groups, substituted and non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, substi- 
tuted and non-substituted aryl groups, substituted and non-substituted aryloxy groups, and substituted and non- 
substituted arylthio groups, Xb is a substituted or non-substituted residue that forms a monocyclic or polycyclic aro- 
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matic ring together with carbon atoms that are adjacent thereto at its both ends. Yb is a substituted or non-substi- 
tuted residue that forms a nitrogen-containing aromatic heterocycle together with a nitrogen atom and carbon 
atoms that are adjacent thereto at its both ends, and the substituents when present in these residues are independ- 
ently selected from the group consisting of halogen atoms, substituted and non-substituted alkyl groups, substi- 
5 tuted and non-substituted alkoxy groups, substituted and non-substituted alkyrthio groups, substituted and non- 

substituted aryl groups, substituted and non-substituted aryloxy groups, substituted and non-substituted arytthto 
groups, nitro group, and substituted and non-substituted amino groups. 

9. The optical recording medium according to claim 8 in which R is a group of which the carbon number is 1 to 9. 

10 

10. The optical recording medium according to claim 8 or 9 in which R is selected from the group consisting of methyl, 
ethyl, butyl, phenyl, methoxy, ethoxy, butoxy, phenoxy, methylthio, ethylthio, butytthio, and phenylthio group; or any 
one of the these groups of which at least one hydrogen atom is substituted with a halogen atom. 

75 11. The optical recording medium according to any one of claims 8 to 1 0 in which, when the residue Xb and/or the res- 
idue Yb has a substituent(s). the carbon number of the substituent(s) is 1 to 9. 

12. The optical recording medium according to any one of claims 8 to 1 1 in which Xb forms a phenanthrene ring, or a 
naphthalene ring with the adjacent carbon atoms. 

13. The optical recording medium according to any one of claims 8 to 12 in which Yb forms a pyridyl group, a pyrimid- 
inyl group, a pyrazinyl group, triazinyl group, or a thiazolyl group with the nitrogen atom and the carbon atoms adja- 
cent thereto. 

25 14. The optical recording medium according to any one of claims 8 to 13 in which a sulfur atom is bonded instead of 
the oxygen atom bonded to the carbon atom that is adjacent to the residue Xb in the general formula (b) or (b'). 

15. The optical recording medium according to claim 1 or 2 characterized in that the metal-containing azo compound 
is represented by the following general formula (c): 

30 



35 




M(IV ) 



45 wherein M(IV) is a tetravalent metal, Xc and Yc each is a substituted or non-substituted residue that forms a mono- 
cyclic or polycyclic aromatic ring together with carbon atoms that are adjacent thereto at its both ends, and the sub- 
stituents when present in these residues are independently selected from the group consisting of halogen atoms, 
substituted and non -substituted alkyl groups, substituted and non-substituted alkoxy groups, substituted and non- 
substituted alkylthio groups, substituted and non-substituted aryl groups, substituted and non-substituted aryloxy 

so groups, substituted and non-substituted arylthio groups, nitro group, and substituted and non-substituted amino 

groups. 

16. The optical recording medium according to claim 1 or 2 characterized in that the metal -containing azo compound 
is represented by the following general formula (d) or (d'): 

55 
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M(ffl) or M(ffl) 



15 



20 




( 



<d) m 



25 

wherein M(lll) is a trivalerrt metal, Xd, Xd\ and Yd' each is a substituted or non-substituted residue that forms a 
monocyclic or polycyclic aromatic ring together with carbon atoms that are adjacent thereto at its both ends, Yd is 
a substituted or non-substituted residue that forms a nitrogen-containing aromatic heterocycle together with a nitro- 
gen atom and carbon atoms that are adjacent thereto at rts both ends, and the substituents when present in these 
30 residues are independently selected from the group consisting of halogen atoms, substituted and non-substituted 
alkyl groups, substituted and non-substituted alkoxy groups, substituted and non-substituted alkylthio groups, sub- 
stituted and non-substituted aryl groups, substituted and non-substituted aryloxy groups, substituted and non-sub- 
stituted arylthio groups, nitro group, and substituted and non-substituted amino groups. 

35 17. The optical recording medium according to any one of claims 1 to 16 in which the recording layer has a thickness 
of 40 to 300 nm. 

18. The optical recording medium according to any one of claims 1 to 17 in which the reflective layer has a thickness 
of 30 to 200 nm. 

40 

19. The optical recording medium according to any one of claims 1 to 18 in which the substrate has a spiral groove with 
the groove width (urn), the groove depth (nm), and the track pitch (um) which satisfy the following relation: 

0.25 <, groove width / track pitch < 0.45 

45 

0.2X/(4n) < groove depth < 0.8?7(4n) 

wherein X is the wavelength (nm) of the laser beam used for recording and "n" is the refractive index of the sub- 
strate. 

so 

20. A method of producing the optical medium according to any one of claims 1 to 1 9 characterized in that the step of 
forming the recording layer comprises the step of vapor depositing a recording layer-constituting material on the 
substrate. 

55 
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Fig. 1 




Fig. 2 
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